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A BS T R ACT

T hisstudy com paresthepaintrem ovingperform anceofm ethylenechlorideto22 solventscurrently

usedinnon-m ethylenechloridepaintrem oversorsolventsproposedasanalternativetom ethylene

chlorideby chem icalm anufacturers. T hepaintstrippingperform anceofthreem ethylenechloridepaint

rem oversw asthencom paredto26 non-m ethylenechloridepaintrem oversandfiveexperim ental

form ulasusingalternativem ethylenechloridechem istry. T hesolventsandpaintrem oversw eretested

on1 m onthand1 yearagedw oodpanelstreatedw ithm ultiplelayersofanoil-basedalkydpaint,a

solvent-borneepoxy paintandO EM autom otivecoating. Forchem ically resistantoil-basedalkyd,

solvent-bornepoxy paintsandO EM autom otivecoatings,only m ethylenechloridebasedpaintrem overs

w eredeterm inedtobeeffective.

BACKGR O U N D

M ethylenechloridehasbeenthepreferredsolventforuseinpaintrem oversforseventy years. Before

m ethylenechloridew asintroduced,m ostpaintrem oversconsistedofam ixtureofbenzeneandother

volatilesolventssuchasm ethanol,acetone,andm ethylethylketone. P aintrem oversform ulatedw ith

thesevolatilesolventsareextrem ely flam m ableandtheflam m ability ofthesepaintrem oversresulted

infirescausinginjury anddeaths. T hebenzenebasedrem oversw ererapidly replacedw iththe

m ethylenechloridepaintrem oversbecausem ethylenechloridepaintrem overscanbeform ulatedtobe

non-flam m ableandareeffectiveinrem ovingm ultiplelayersofpaint. T hephysicalcharacteristicsgive

them ethylenechloridem oleculetheability toquickly penetratem ultiplelayersandtosoftenor

dissolvechem ically resistantcoatings. M ethylenechloridedoesnotdepletetheozonelayerandis

consideredtom akenegligiblecontributionstosm ogform ation,thegreen-houseeffectandacidrain.

L ikeotherorganicsolvents,m ethylenechloridecanbeharm fultohum anhealthifusedim properly.

Consum erU seofP aintR em overs

M ostconsum ersusepaintrem oversforrefinishingantiquefurniture,orw oodw orking’s(doors,fram es,

m oldings,etc.)inolderhouses. M any oftheseitem shavebeenpainted,andrepaintedm any tim esover

theyears. T hisresultsinitem shavingm ultiplelayersofpaintcontainingdifferentchem istry typesanda

differentdegreeofdifficulty from beingrem oved. P aintrem oversarealsousedintheautobody repair

industry tohelpw ithvehiclerestoration.

EffectofP aintChem istry andA geofP aint

T hereisarangeofpainttypesthataconsum ercanencounterw henpaintstripping. T hem ainpaint

chem istriesthatcanbeencounteredincludelatex,urethane,1-partepoxy,2-partepoxy,enam el(alkyd

type),lacquer,varnish,andshellacbasedpaint. Inrecenttim es,latex painthastakenoverthepainting

industry asthepainttechnology ofchoice. T hispaintisrelatively easy torem ovew ithpaintstrippers,

butisalsoapainttechnology thatpeoplew illnotfrequently encounterasthey arestrippingolderitem s.

Historically,enam elalkydbasedpainthavebeenthem ostprevalently usedpainttechnology. T heresin

usedinalkydpaintdriesby anoxidationreactionw ithoxygenfrom theairafterthesolventshas

evaporatedfrom thepaint. T heoxidationreactionirreversibly cross-linksthepolym ershardeningthe

alkydresinm akingitvery difficulttorem ove. T healkydpaintcontinuestoform cross-linkingbondsas

thepaintagesm akingolderpainteditem sevenhardertostrip. 2-partepoxy paintisby farthem ost

difficultpainttechnology torem ove. Itisfrequently usedinindustrialsettings. Forthisreason,the



experim entalstudiesoutlinedinthisreportw illfocusontherem ovalofalkyd,2-partepoxy paint,and

O EM autom otivecoatings.

BasicsofP aintR em overForm ulation

A chem icalpaintrem overiscom posedofam ixtureofsolvents,additivesandsom etim esanactivator.

T obeaneffectivepaintrem over,thesolventm ustbeabletopenetratem ultiplelayersofpaintand

havesolubility tocausethepainttosw ellw hichbreaksthebondofthepainttothesubstrate. T he

m ovem entofthesolventfrom thepaintrem overtothepaintlayeriscalldiffusionandistheresultof

therandom kineticm ovem entofthesolvent. T herateofdiffusionofisaffectedby thesizeofthe

solventm olecule(m olarvolum e)andthepolarity ofthem olecule. S m aller,nonpolarm oleculesw ill

haveahigherdiffusionrateintothecoatingthanm oleculesthatarelargerorm orepolar. T hem ore

effectivereplacem entsform ethylenechloridew illbem oleculesw iththefollow inggeneral

characteristics,sm allpolarorhalogenatedm olecules,five-m em bercyclicringsorsix-m em berarom atic

rings. T hesetypesofm oleculesaregenerally flam m ableandw illalsohavehealthandsafety risks.

Additives,suchassurfactants,thickenersandparaffinw ax areaddedtom odify thephysicalproperties

ofthepaintrem over. S urfactantsim provesthew ettingofthesurfaceby thepaintrem overandperm its

theuseofw aterforclean-upafterthepainthasbeenstripped. T hickenersareaddedtoallow thepaint

rem overstoclingtoverticalsurfaces. T oreducetheevaporationofm ethylenechlorideandother

solventsinthepaintrem over,paraffinw ax isadded. P araffinw ax reducestheevaporationofthe

solventsby form ingaphysicalbarrierbetw eenthepaintrem overandair. T hew eightlossofm ethylene

chlorideoveraperiodoffivehoursw ascom paredtothew eightlossofapaintrem overcontainingm ore

than60% m ethylenechlorideandanevaporationretarderw iththeresultsshow ninFigure1.

Approxim ately 20 gram sofm ethylenechlorideand20 gram softhepaintrem overw ereplacedin

separatecontainersandthew eightofthesam plerem ainingw asdeterm inedattim edintervals. After

30 m inutes,only 0.5% ofthestraightm ethylenechloriderem ainedinthecontainer. T heresultofthe

study show edthatevaporationretarderiseffectiveinreducingtheevaporationrateofm ethylene

chloridefrom thepaintrem over. Asshow ninFigure1,98.9% ofthepaintrem overrem ainedafter30

m inutesand93.5% rem ainedafterfivehours. S incethem ethylenechloridebasedpaintrem over

(containingevaporationretardant)iseffectiveafter15 m inutesfrom application,theam ountof

m ethylenechloridereleasedintotheatm osphereduringthistim eism inim al,m inim izingtheinhalation

risktotheproductuser. At15 m in,only 0.6% ofthem ethylenechloridebasedpaintstripperform ula

hasevaporated.



Figure1. Com parisonofw eightlossofm ethylenechloridetoam ethylenechloridepaintrem over

form ulatedw ithanevaporationretarderat70°F. At15m in,only 0.6% ofthem ethylenechloridebased

paintstripperform ulahasevaporated.

T oincreasetheperform anceofthepaintrem over,anacidorabaseissom etim esaddedasanactivator.

T heactivatoristhoughttodisruptthebondbetw eenthesubstrateandthepaintandw eakenorbreak

thechem icalorphysicalbondsinthepolym erthatisusedinthepaint. Form icacid,am m onium

hydroxideandethanolam inearecom m onactivatorsusedinpaintrem overs.

T oestablishtheperform ancecriteriaofm ethylenechloridebasedpaintrem overs,thelabelcopiesfrom

differentm anufacturesw ereevaluatedforconsum erbenefits. T hethreem ostim portantcriteria

include:

A. Fastrem ovalofthecoating,startsw orkingw ithin15 m inutes.

B. R em ovalofm any typesofcoatingsincludingoil-basedandepoxy paintsforarchitectural

coatingsandfactory appliedO EM autom otivepaints

C. R em ovalofm ultiplelayerofcoatings

O thercriterialconsideredintheevaluationofthepaintrem overincludesthecostofthepaintrem ove

andtheVO C contentofthepaintrem over. T heVO C contentofpaintrem oversislim itedto50 % by

w eight. W henconsideringviability ofapaintrem overitm ustbeconsideredthatthepaintstobe

rem ovedaregenerally olderandm orechem ically resistantthanm any paintsavailabletoday. W hile

w ater-basedlatex paintsarew idely availableandchem ically easily rem oved,they w erenotnearly as

com m on30 orm oreyearsago. Furtherm ore,therearecoatingsincom m onusetoday thatare
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consideredm orechem ically resistantthanw ater-basedlatex paints. O nceagain,thisstudy focuseson

them oredifficult,chem ically resistantoil-basedalkydandsolvent-borntw o-partepoxy paints.

M A T ER IA L S A N D M ET HO DS

T heprocedureusedtotesttheperform anceofthesolventsandpaintrem oversisbasedona

m odificationoftheAS T M D-6189 (2003)testm ethod(S tandardP racticeforEvaluatingtheEfficiency of

Chem icalR em oversforO rganicCoatings). M odificationoftheprocedureincludedusing12 x 8inch

panelsinsteadof12 x12 inchpanelsandthepanelsw eretreatedw ithfivecoatsoftheoil-basedalkyd

paintinsteadofthreecoatsasdescribedinthepanelpreparationprocedureintheAS T M D-6189 test

m ethod. P aintedpanelsaged1 m onthw ereusedforscreeningexperim entsandpaintedpanelsaged1

yearw ereusedforfinalefficacy validation. T hesolventsandpaintrem oversw ereappliedtothepanel

usingapipetteinsteadoffollow ingm anufacturesdirectionsforapplicationascalledforintheAS T M

testm ethod. Duringthepaintrem ovalstep,scrappingw asperform edusingm oderateforcew itha

plasticpaintscrapper.

S olventS election– T hesolventsusedinthisstudy w ereselectedfrom solventscurrently usedinnon-

m ethylenechloridepaintrem overs,solventsrecom m endedasm ethylenechloridereplacem entsby

chem icalm anufacturers,andtheEP A Exem ptVO C S olventslist. T echnicalgradesam plesofthesolvents

w ereobtainedandusedinthisstudy’sexperim entalform ulationsw ithoutfurtherpurification.

P aintR em overS election – T hepaintrem oversusedinthisstudy w erepurchasedfrom hardw arestores

orfrom suppliersontheinternet. Com positionandtheflashpointofthepaintrem oversbasedon

inform ationfoundintheM aterialS afety DataS heets(M S DS )arelistedinA ppendix A. Allpaint

rem oversw ereusedasisintheexperim ents.

Experim entalP aintR em overs– Basedontheresultsofthesolventsscreeningtesting,tw oalternative

m ethylenechloridesolventsw ereidentifiedashavingsom epaintrem overpotential. T hesesolvents

w ereform ulatedintopaintrem oversthatm eetthe50 w t% VO C requirem ents. T hreeother

experim entalform ulasbasedonsolventchem istry utilizedby paintrem oversonthem arkettoday w ere

alsoform ulatedintoexperim entalpaintrem oversw iththeVO C contentlessthan50 w t% . T hese

experim entalpaintrem oversarelistedbelow :

A. asolventbasedrem overbasedontoluene,m ethanol,andacetone

B. asolventbasedrem overbasedon1,2 trans-dichloroethylene,m ethanol,andacetone

C. asolventbasedrem overbasedon1,3-dioxolane,m ethanol,andacetone

D. anem ulsionbasedonbenzylalcohol

E. anem ulsionbasedondibasicesters(DBE)

P aintS election- O il-basedalkydpaintw asselectedtobeusedsinceithashistorically beenthem ost

predom inantly usedpainttechnology andconsum ersaretypically strippingolderitem sw hichcontains

m ultiplelayersofthistypeofpaint. T w o-partcom ponentepoxy paintw asalsoselectedbecauseitis

them ostdifficultpainttechnology torem oveandisfrequently usedinindustry applications. T hepaints

usedw erepurchasedfrom alocalhardw areorpaintstores.T hepaintspurchasedforthisstudy are

listedinT able1 alongw ithnum bersoflayersofpaintusedonthetestpanel. O nly onetypeofpaint

w asusedforeachtestpanel.



T able1.L istofpaint,painttypeandnum berofcoatingsusedinstudy

P aint P aintT ype N um berofCoatings

R ust-O leum P rofessionalHigh
P erform anceP rotectiveEnam elExterior
Gloss

O il-basedalkydpaint 5

S herw inW illiam sM acropoxy 646
T w ocom ponentoil-based
epoxy paint 3

1 M onthA gedP anelP reparationP rocedure– S andedbirchplyw ood(4 ft.x4 ft.x ½ in.)w ascutinto

approxim ately 12 x 8inchpanels. A four-inchm ulti-purposepaintrollerw asusedtoapply thecoatsof

thedesignatedpainttothebirchpanelsasdeterm inedinT able1. Eachlayerofpaintw asdriedforfour

hoursatam bientconditionsandthenw asplacedinalaboratory ovenat50°C overnight. Eachlayerof

paintw astintedtoadifferentcolortoincreasethevisibility ofthepaintlayers. T hecolorschem atic

w entasfollow s: Blue= colorof1st paintlayerapplied,W hite= colorof2nd paintlayerapplied,Green=

colorof3rd paintlayerapplied,Yellow = colorof4th paintlayerapplied,R ed= lastpaintlayerapplied.

Aftertheredcoatofpaintw asapplied,thepanelsw erethenagedfor30 daysat50°C inthelaboratory.

T hetestpanelsw erethenstoredatam bientconditionsuntilneededforthestrippingtest.

1 YearA gedP anels-P aintedpanelsagedfor1 m onth/30 daysareonly goodforgivingdirectionaldata

ontheefficacy ofapaintstripper. T hese1 m onthagedpanelsaretypically usedby theform ulation

chem isttoquickly screennew chem istriestoseeifthey havethepotentialofbecom inganefficacious

paintrem over. T hereality isthatconsum ersaretryingtorem ovem ultiplelayersofpaintoffitem sthat

arem any yearsold. Asm entionedintheintroduction,alkydpainttypesgethardertorem oveovertim e

duetotheirchem istry. T rueefficacy validationofapaintrem overrequiresittobetestedonAlkyd

paintedboardsthathavebeenallow edtoageforatleast1 year. T heseboardsw ereinitially prepared

inthesam em annerasthe1 m onthagedboards,butw ereallow edtositatam bientconditionsforupto

ayearpriortotesting.

A utom otiveP anelP reparation – T hehoodfrom a2006 ChevroletIm palaS S w aspurchasedingood

conditionw iththefactory paintintact. T hehoodw ascleanedw ithadam pclothandusedintesting

w ithoutfurtherm odifications. T heoriginalpaintw asusedonthehood,sothepaintjobduringrem oval

testingw asatleast9 yearsold. T heageofthispaintisnotasofgreatim portanceduetothechem istry

beingstableovertim eincom parisontotheAlkydpaintw hichcontinuestoreactandgetstronger.

N eatS olventS creening– N eatsolventscreeningw asdoneon1 m onthagedboardstogenerate

directionalefficacy dataonchem icalsthatm ightbeprom isingtobeincorporatedinapaintrem over

form ula. A gridism arkedonthepanelw ithm askingtapecreatingtestcellsapproxim ately 1 ½ in.x1 ½

in.forthestrippingtrials. Eachcellw aslabeledw iththenam eofthesolventtobetestedandthe

durationtim eofthetest. A C31 L argeCom m ercialS pongefrom 3M w ascuttoapproxim ately sized1 ½

in.x 1 ½ in.x¼in.piecesw ereplacedoneachtestcelltocontrolevaporationandretainthesolventto

thetestarea. Foreachsam ple,2 m lofsolventw asappliedtothespongeandatim erisstarted.

Additionalsolventw asaddedtothespongesasneededtoensurethatthesolventrem ainedincontact

w iththesurfaceofthetestpanel. Atthetim edintervals,thetestareaw asscrapedusingaplastic

scraperandevaluatedfortheeffectsonthecoatingsandthenum beroflayersofpaintrem oved.



Experim entalP aintR em overS creeningandValidation– Experim entalpaintrem overform ulasw ere

testedon1 m onthagedboardstogetdirectionalefficacy dataincom parisontoacom m ercializedpaint

rem overcom petitiveset. T hisprocesshelpsw eedoutunderperform ingform ulaspriortotestingon

valuable1 yearagedboards. T hissam eexperim entw asthenrepeatedon1 yearagedalkydpainted

boardstovalidatethetrueefficacy oftheexperim entalandcom m ercially availablepaintrem overs. A

gridw asm arkedonthepanelw ithm askingtapetocreatetestcellsofapproxim ately 1 ½ in.x1 ½ in.

dim ensions. Eachcellw aslabeledw iththenam eofthesolventtobetestedandthetim edurationof

thetest. Approxim ately 2 m lofthepaintrem overw asappliedtothecellandatim erisstarted. At

tim edintervals,thetestareaw asscrapedusingaplasticscraperandjudgedfortheeffectsonthe

coatingandthenum bersoflayersofpaintrem oved.

R esults

N eatS olventS creening– N eatsolventexperim entsw eredoneon1 m onthagedpaintedboardsforthe

solepurposeofgettingdirectionalefficacy datatodrivefuturenon-m ethylenechlorideform ulation

developm ent.T heresultscom paringtheperform anceofm ethylenechloridetothe22-alternate

solventsselectedarelistedinT able2. T heperform ancew asevaluatedafter15 m inutes,30 m inutes

and1 hourw ithnum beroflayersofpaintrem ovedandtheeffectofthesolventonthepaintnoted.

M ethylenechlorideperform edthebestrem ovingallfivelayersofoil-basedalkydpaintandtw olayers

ofthetw o-com ponentoil-basedepoxy paintin15 m inutes. T rans-1,2-dichloroethyleneand1,3-

dioxolanew ereidentifiedasthebestperform ingalternatesolventrem ovingallfivelayersoftheoil-

basedalkydpaintin30 m inutes. After1 hour,1,3-dioxolanerem ovedtw olayersofthetw o-com ponent

oil-baseepoxy paint,how ever,trans-1,2-dichloroethylenefailedtorem oveany layersoftheepoxy paint

afteranhour. R esultsfrom thisexperim enthelpeddrivedecisionsonw hichchem icalscouldbeusedin

new experim entalpaintrem ovalform ulasthatdidnotutilizem ethylenechloride.

T able2.N eatsolventexperim entsw eredoneon1 m onthagedpaintedboardsforthesolepurposeof

15m in 30 m in 1 hrs 15m in 30 m in 1 hrs

m ethylenechloride 5 5 5 2 2 2

trans-1,2 dichloroethylene 5 5 5

1,3 dioxolane 5 5 5 2

n-m ethyl-2-pyrrolidone 5 5

acetone 5 5 5

dim ethoxym ethane(m ethylal) 5 5

n-butylpropionate 5

dim ethylsulfoxide(DM S O ) 4

dim ethylcarbonate

benzylm ethylether

T O C (2,5,7,10 tetraoxaundecane)

3-m ethoxy-3-m ethyl-1-butylacetate(M M B-AC)

S teposolM ET -10U

P CBT F/O xsol100

3-m ethoxy-3-m ethyl-1-butanol(M M B)

Eastm anO m nia(butyl-3-hydroxybutyrate)

benzylalcohol

dibasicesters(L VP )

dibutoxym ethane(butylal)

propylenecarbonate

ElevanceClean1200

soyam ethylester

glyercolform al

slightsofteningofpaintbutnorem ovalw ithplasticscraper

painthassoftenedrequiringefforttorem ovew ithplasticscraper

painthasblisteredw ithalllayerspaintrem ovedw ithplasticscraper

Chem ical(N eat)
A lkyd(5L ayers) Epoxy(3 L ayers)

noeffectoncoating



gettingdirectionalefficacy datatodrivefutureform ulationdevelopm ent. R esultsofsolventtesting

show ingthelayersofoil-basedalkydandtw ocom ponentoil-basedepoxy rem oved.

T heperform anceoftrans-1,2-dichloroethyleneand1,3-dioxolaneinrem ovingO EM autom otivepaint

w asthencom paredtom ethylenechlorideandthreesolventsn-m ethyl-2-pyrrolidone,benzylalcohol

andDBEcurrently usedincom m ercially availablenon-m ethylenechloridepaintrem ovesw iththe

resultslistedinT able3. T heperform anceofthesolventsw asevaluatedafter15m inutes,30 m inutes,

1 hourand4 hoursw ithnum beroflayersofpaintrem ovedandtheeffectofthesolventonthepaint

notedinT able3. O nceagainm ethylenechlorideperform edthebestby rem ovedtheclearandcolor

coatinfifteenm inutes. T rans-1,2-dichloroethyleneand1,3-dioxolanerem ovedtheclearandcolorcoat

after30 m inutesw hileN M P ,benzylalcoholandDBEhadnoeffectonthepaintafterfourhours. N one

theneatsolvents,includingm ethylenechloride,strippedalllayersoftheautom otivecoatingincluding

theprim er. O nly aform ulatedpaintrem overw ouldrem ovealllayersofanautom otivecoating.

T able3. R esultsofsolventtestingshow ingthelayersofO EM autom otivepaintrem oved.

Experim entalForm ulaP aintR em overS creeningon1 m onthAgedBoards

Experim entalpaintrem overform ulasw eretestedon1 m onthagedboardstogetdirectionalefficacy

dataincom parisontoacom m ercializedpaintrem overcom petitiveset. T hisprocesshelpsw eedout

underperform ingform ulaspriortotestingonvaluable1 yearagedboards. T estresultscom paringthe

perform anceofthreem ethylenechloridepaintrem oversto5 experim entalform ulasand26 com m ercial

non-m ethylenechloridepaintrem oversononem onthagedboardsarepresentedin T able4. T he

panelsusedinthisexperim entw ereevaluatedafter5 m inutes,15 m inutes,30 m inutes,1 hourand4

hoursw iththenum bersoflayersofpaintstrippedby thepaintrem overrecorded. Fortestpanels

15m in 30 m in 1 hrs. 4 hrs.

m ethylenechloride

trans-1,2 dichloroethylene

1,3 dioxolane

n-m ethyl-2-pyrrolidone

benzylalcohol

dibasicesters(L VP )

N oeffect

S trippedclearcoatandtopcoat

S trippedclearcoat,topcoatandbasecoat

Chem ical(N eat)
A utom otiveCoating



paintedw ithoil-basedalkydpaint,tw oofthethreem ethylenechloridepaintrem overs,KleanS trip

AircraftR em overandKleanS tripP rem ium S tripper,strippedallfivelayersofthealkydpaintafterfive

m inutes. T hethirdpaintrem over,KleanS tripS trip-X ,containslessm ethylenechlorideandtook15

m inutestostripthefivelayersofthealkydpaint. Experim entalForm ulasA,B,andC w erealsoableto

stripallfivelayersoftheoil-basedalkydpaintin15 m inutes. Experim entalForm ulaA w asform ulated

w ithtoluene,m ethanolandacetone. Experim entalForm ulasB andC containedthetw oalternate

solventsidentifiedinthealternatedsolventstudy andw ereform ulatedw ith1,2 trans-dichloroethylene,

m ethanol,andacetoneand1,3-dioxolane,m ethanol,andacetone. Experim entalForm ulaD basedona

benzylalcoholem ulsionandExperim entalForm ulaEbasedonaDBEem ulsionfailedtostripany layers

ofthealkydpaintafterfourhours. Fifteenofthetw enty-six com m ercialnon-m ethylenechloridepaint

rem overstestedstrippedalllayersofalkydpaintinfourhours. Eightofsixteenpaintrem oversthat

strippedthealkydpaintw ereform ulatedw ithN M P . Fiveofthesixteenpaintrem oversw ere

form ulatedforprofessionalstorem oveautom otiveoraircraftcoatingsw erebasedablendofsolvents

andhighlevelsofanactivator. T herem ainingtw oform ulasw erebasedondim ethylsulfoxide(DM S O )

orcaustic.

Forthepanelspaintedw iththetw o-com ponentoil-basedepoxy paint,tw oofthethreem ethylene

chloridepaintrem overs,KleanS tripAircraftR em overandKleanS tripP rem ium S tripper,strippedtw o

layersoftheepoxy paintafter15 m inutes. T hethirdpaintrem over,KleanS tripS trip-X w hichcontains

lessm ethylenechloride,tookfourhourstorem ovetw olayersoftheepoxy paint. T heexperim entaland
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thecom m ercialpaintrem oversfailedtostripany layersoftheepoxy paintat15and30 m inutes,1 hour

andfourhours.

S incetheexperim entalform ulasA,B,andC show edcom parableefficacy onthe1 m onthagedalkyd

paintedboardincom parisontothem ethylenechloridecontainingform ulasthey w ereallow edto

advanceontothevalidationtestdoneona1 yearagedalkydpaintedboard.

FinalEfficacy ValidationofExperim entalForm ulationsvsCom petitionon1 YearA gedBoards

Asshow nintheresultsinT able5,KleanS tripP rem ium S trippertook15 m inutestorem ovealllayersof

paintona1 yearagedpanelbutonly 5 m inutesonthenew er1 m onthagedpanel. T healternatepaint

rem oversalsorequiredm oretim etostripalllayersofthealkydpaintontheagedpanels. T hetim eto

stripalllayersincreasedtoanhourcom paredto30 m inutesfortheExperim entalForm ulasA,B,andC.

Crow nS aferP aintS tripstrippedalllayersofpaintafter24 hoursonthenew panelsbutfailedtorem ove

any layersofpaintonthe1 yearagedpanels. S eeA ppendix B foravisualof1 m onthand1 yearaged

panelsusedinthisvalidationtest. T hedifferenceinresultsbetw eenthe1 m onthagedpanelsinT able4

andT able5isduetotheinconsistenciesofhow Alkydpaintcuresoveram onthtim e. Experim entsdone

inT able4 w eredonew ithonem onthboardscreatedondifferenttim eperiodsthanusedintable5. As

thealkydpaintedpanelsage,thealkydresincontinuestocrosslinkm akingthepaintm oredifficultto

strip. M oreconsistentresultsareobtainedusingalkydpaintedpanelsw hichareagedforatleastone

year. 1 m onthagedpanelsareusedstrictly fordirectionalfeedbackandshouldnotbeusedtovalidate

thefinalefficacy ofapaintrem over.

T able5. Validationresultsofpaintrem overtestingdoneonpanelsaged1 m onthto1 year. S inceAlkyd

paintcontinuestobondandgethardertorem oveovertim e,1 yearagedpaintboardsarem orerealistic

onw hattheconsum erw illexperiencew hilepaintstripping. Klean-stripP rem ium S tripperm ethylene

chloridebasedstripperisfarsuperiortothecurrentcom petitivesetonthem arket. N ew experim ental

form ulasareextrem ely flam m ableanddonotperform asfastascurrentm ethylenechloride

form ulations. T hedifferenceinresultsbetw eenthe1 m onthagedpanelsinT able4 andT able5 isdue

totheinconsistenciesofhow Alkydpaintcuresoveram onthtim e. Asthealkydpaintedpanelsage,the

alkydresincontinuestocrosslinkm akingthepaintm oredifficulttostrip. M oreconsistentresultsare

obtainedalkydpaintedpanelsw hichareagedforatleastoneyear. 1 m onthagedpanelsareused

strictly fordirectionalfeedback.

5 m in 15 m in 30 m in 1 hrs 4 hrs 24 hrs 5 m in 15 m in 30 m in 1 hrs 4 hrs 24 hrs

Klean-S tripP rem ium S tripper m ethylene chloride/m ethanol/S toddard solvent 5 5 5 5 5 5 5

Klean-S tripS trip-X S tripper m ethylene chloride/m ethanol/toluene/acetone/xylene 1 5 5 5 5

Experim entalForm ulaA toluene/acetone/m ethanol 1 5 5 5

Experim entalForm ulaB 1,2 transdichloroethylene/acetone/m ethanol 5 5 5

Experim entalForm ulaC 1,3 dioxolane/acetone/m ethanol 1 5 5 5

CitristripS aferP aint& VarnishS trippingGel N M P /DBE 5 5 5 5

P eelA w ay 1 calcium hydroxide/m agnesium hydroxide/sodium hydroxide 3 5 5 5

S m artS trip w ater/benzylalcohol 5 5

S m artS tripP ro w ater/benzylalcohol/form icacid 1 1 1 5 5

EZ S tripP aintand VarnishS tripper DBE/triethylphosphate

L iftO ffP aintandVarnishR em over acetone/2-butoxyethanol/DBE

Crow nS aferP aintS trip DBE/DM S O 5

nolayersofpaintw ererem oved w ithplasticpaintscraper

painthassoftenedrequiringefforttorem ove w ithplasticscraper

painthasblisteredw ithalllayersofpaintrem ovedw ithplasticscraper

YearO ld P anel-A lkyd(5 L ayers)
P aintR em over Ingredients(M S DS )

M onthO ldP anel-A lkyd (5 L ayers)



T estresultscom paringtheperform anceofthreem ethylenechloridepaintrem overstofive

experim entalform ulasandfivecom m ercialnon-m ethylenechloridepaintrem oversonanO EM

autom otivecoatingarelistedinT able6. T hefivecom m ercialnon-m ethylenechloridepaintrem overs

w ereform ulatedtorem oveautom otiveoraircraftcoatingscontainingablendofsolventsandan

activator.T heeffectsonautom otivecoatingw asevaluatedafter15,and30 m inutes,1 hourand4

hours. O nly oneofthepaintrem overstested,KleanS tripAircraftR em over,strippedalllayersofthe

O EM autom otivecoating. KleanS tripAircraftR em overstrippedtheclear,colorandbasecoatin15

m inutesandcontinuedtostripalllayersat4 hoursw ithoutdrying. KleanS tripAircraftR em overis

form ulatedtorem oveautom otivecoatingscontainingm ethylenechlorideandtheactivatoram m onium

hydroxide. KleanS tripP rem ium S tripperandKleanS tripS trip-X ,rem ovedtheclearandcolorcoatafter

15m inutesbutdidnotstriptheprim ercoatafterfourhours. KleanS tripP rem ium S tripperandKlean

S trip-X arem ethylenechloridepaintrem oversbutdonotcontainanactivator. Experim entalForm ulas

A,B,andC w erealsoabletostriptheclearandcolorcoatafter15m inutesbutfailedtostriptheprim er

coatafter4 hours. Experim entalForm ulasD andEfailedtostriptheautom otivecoatingafterfour

hours. D-Zolve15-33R rom S olventKleenew astheonly com m ercialnon-m ethylenechloridepaint

rem overtestedthatstrippedtheautom otivecoating. D-Zolve15-33R isapaintrem overdesignedto

rem oveaircraftcoatingsandtookfourhourstorem ovetheclearandcolorcoats.

T able6. R esultsofpaintrem overtestingonanO EM Autom otiveCoating.

Conclusion

T heperform anceofm ethylenechloridew ascom paredto22 alternatesolventsselectedaspossible
replacem entsform ethylenechlorideinpaintrem overs. T estingw asconductedonthreetypesofpaints
usingw oodpanelspaintedw ithanoil-basedalkydpaint,w oodpanelspaintw ithatw o-com ponentoil-
basedepoxy paintandanO EM autom otivecoating.T rans-1,2-dichloroethyleneand1,3-dioxolanew ere

15m in 30 m in 1 hrs 4 hrs

Klean-S tripAircraftR em over m ethylenechloride/m ethanol/T alloil/am m onium hydroxide/xylene

Klean-S tripP rem ium S tripper m ethylenechloride/m ethanol/S toddardsolvent

Klean-S tripS trip-X S tripper m ethylenechloride/m ethanol/toluene/nonylphenolethoxylate/acetone/xylene

CitristripS aferP aint& VarnishS trippingGel N M P /DBE

Experim entalForm ulaA toluene/acetone/m ethanol

Experim entalForm ulaB 1,2 transdichloroethylene/acetone/m ethanol

Experim entalForm ulaC 1,3 dioxolane/acetone/m ethanol

Experim entalForm ulaD benzylalcoholem ulsion

Experim entalForm ulaE DBEem ulsion

DuraP rep200 CoatingR em over(Gel)
benzylalcohol\solventnaphtha/2-am inoethanol/nonylphenol,branched

ethoxylated

DuraP rep240 IndustrialCoatingR em over(Gel)
benzylalcohol/hydrogenproxide/solventnaphtha/glycollicacid/m alicacid/barium

bis(dinonylnaphthalenesuphonate)/am ines,cocoalkyl,ethoxylated

DuraP repP rep400 O verspray R em over
benzylalcohol/petroleum distillates/glycolicacid/quaternaryam m onium

com pounds/hydrogenproxide

D-Zolve1012 P ow derCoatingR em over(im m ersiontank) alkylm ethylester/potassium hydroxide/cyclicam ide

D-Zolve15-33R (aircraft) alkylm ethylester/petroleum naphtha/benzylalcohol/m ethylphenylether

N oeffect

S trippedclearcoatandtopcoat

S trippedclearcoat,topcoatandbasecoat

S olventKleene

Com pany P aintR em over Ingredients(M S DS )
A utom otiveCoating

P P G

W .M .Barr



identifiedasthebestperform ingalternatesolventtested. How ever,basedontheresultsfrom this
study,noneofthealternativesolventstestedw eredeterm inedtobeanadequatereplacem entfor
m ethylenechloride.

Basedontheresultsofthesolventsscreeningtesting,tw osolvents,trans-1,2-dichloroethyleneand1,3-
dioxolanew ereselectedashavingsom epaintrem overpotentialandw ereform ulatedintopaint
rem oversthatm etthe50 w t% VO C lim itforpaintrem overs. T hreeotherexperim entalform ulasw ere
alsoform ulatedbasedonatoluene,m ethanolandacetoneform ula,abenzylalcoholem ulsionform ula
andaDBEem ulsionform ula. T hreem ethylenechloridepaintrem oversw erethencom paredtothefive-
experim entalform ulaand26 com m ercially availablenon-m ethylenechloridepaintrem overs. Basedon
theresultsofthepaintrem overstudy,noneoftheexperim entalform ulasorthe26 non-m ethylene
chloridepaintrem oversw eredeterm inedtobeanadequatereplacem entform ethylenechloridepaint
rem overs. P erform anceoftheexperim entalform ulasbasedontrans-1,2-dichloroethyleneand1,3-
dioxolanew asdeterm inedtobenobetterthantheexperim entalform ulabasedontoluene,m ethanol
andacetone.

M ethylenechloridehasbeenthepreferredforuseinpaintrem oversforseventy. Consum ersexpect

thatpaintrem overstobeabletorem ovem any typesofcoatings,rem ovem ultiplelayersofthecoating

andtostartw orkingw ithin15 m inutesandquickly rem ovethecoating. T obeaneffectivepaint

rem over,thesolventm ustbeabletopenetratem ultiplelayersofpaintandhavesolubility tocausethe

painttosw ellw hichbreaksthebondofthepainttothesubstrate. T hesizeofthesolventm oleculeand

thepolarity ofthem oleculeaffectsratethesolventpenetratesthecoating.T hem ovem entofthe

solventfrom thepaintrem overtothepaintlayeriscalldiffusionandistheresultoftherandom kinetic

m ovem entofthesolventm olecules. S m aller,nonpolarm oleculesw illhaveahigherdiffusionrateinto

thecoatingthanm oleculesthatarelargerorm orepolar. T hem oreeffectivereplacem entsfor

m ethylenechloridew illbem oleculesw iththefollow inggeneralcharacteristics,sm allpolaror

halogenatedm olecules,five-m em bercyclicringsorsix-m em berarom aticrings. U nlikem ethylene

chloride,thesetypesofm oleculesarem ostlikely flam m ableandpossibly w illhaveasignificantthreat

tohealthandsafety.



A ppendix A . Com positionofP aintR em oversandFlashP ointasL istedinM aterialS afety DataS heets

Com pany P aintR em over

Ingredients(M S DS )

FlashP oint
Chem icalN am e

CA S
N um ber

W eight%

W .M .Barr

KleanS tripAircraft
R em over

m ethylenechloride 75-09-2 60 – 100

noflashto
boiling

m ethanol 67-56-1 5 – 10

am m onium hydroxide 1336-21-6 < 5

xylene 1330-20-7 < 5

hydrotreatedlightdistillate
(petroleum )

64742-47-8 < 5

fatty acidsoap 68132-50-3 < 5

ethylbenzene 100-41-4 < 3

KleanS tripP rem ium
S tripper

m ethylenechloride 75-09-2 60 – 100
noflashto

boiling
m ethanol 67-56-1 10 – 20

S toddard S olvent 8052-41-2 < 5

KleanS tripS trip-X
S tripper

m ethylenechloride 75-09-2 30 – 40

30°F

m ethanol 67-56-1 15 – 26

acetone 67-64-1 < 10

xylene 1330-20-7 < 10

toluene 108-88-3 < 10

ethylbenzene 100-41-4 < 5

ethylalcohol 64-17-5 < 5

isopropylalcohol 67-63-0 < 5

CitristripS trippingGel

n-m ethyl-2-pyrrolidone 872-50-4 30 – 60

>200°Fdim ethyladipate 627-93-0 10 – 30

dim ethylglutarate 1119-40-0 10 – 20

Experim entalForm ulaA

acetone 67-64-1 40 – 50

0°Ftoluene 108-88-3 40 – 50

m ethanol 67-56-1 < 10

Experim entalForm ulaB

acetone 67-64-1 40 – 50

0°Ftrans-1,2-dichloroethylene 646-06-0 40 – 50

m ethanol 67-56-1 < 10

Experim entalForm ulaC

acetone 67-64-1 45 – 55

0°F1,3-dioxolane 646-06-0 40 – 50

m ethanol 67-56-1 < 10

Experim entalForm ulaD

benzylalcohol 100-51-6 20 -40

noflashto
boiling

alcoholethoxylate
(alcohols,c9-11,
ethoxylated)

68439-46-3 < 5

Experim entalForm ulaE

w ater 7732-15-5 40 – 60

noflashto
boiling

dim ethyladipate 627-93-0 10 – 30

dim ethylglutarate 1119-40-0 10 – 20

starch 9005-25-8 5 – 20

alcoholethoxylate
(alcohols,C9-11,
ethoxylated)

68439-46-3 <5



Com pany P aintR em over

Ingredients(M S DS )

FlashP oint
Chem icalN am e

CA S
N um ber

W eight%

Dum ond

P eelAw ay 1

calcium hydroxide 1305-62-0 21

nonem agnesium hydroxide 1309-42-8 16

sodium hydroxide 1310-73-2 9

P eelAw ay 5S oy Based

benzylalcohol 100-51-6 20 – 50

> 200°F

n-m ethyl-2-pyrrolidone 872-50-4 25 – 35

fatty acidm ethylester 67784-80-9 15 – 20

alpha-(4-nonylphenyl)-
om ega-hydroxy-poly(oxy-
1,2,ethanediyl)branched

127087-0 < 3

dim ethylglutarate 1119-40-0
25 – 35

dim ethyladipate 627-93-0

P eelAw ay 7

benzylalcohol 100-51-6 20 – 40

> 200°F

n-m ethyl-2-pyrrolidone 872-50-4 10 – 20

alpha-(4-nonylphenyl)-
om ega-hydroxy-poly(oxy-
1,2,ethanediyl)branched

127087-0 < 2

dim ethylglutarate 1119-40-0
25 – 35

dim ethyladipate 627-93-0

S m artS trip

w ater 7732-18-5 40 – 60

nonebenzylalcohol 100-51-6 30 – 50

titanium dioxide 13463-67-7 1 -5

S m artS tripP ro

w ater 7732-18-5 40 – 60

none
benzylalcohol 100-51-6 30 – 50

titanium dioxide 13463-67-7 1 – 5

form icacid 64-18-6 1 – 5

Ecoprocote
EcoFastHD Heavy Duty
P aintS tripper

w ater 7732-18-5
T rade
S ecret

non-
flam m able

benzylalcohol 100-51-6
T rade
S ecret

Bio-BasedEm ulsion
N on-

Hazardous
T rade
S ecret

S olvent-FreeT hickeners
N on-

Hazardous
< 1

S olvent-FreeS urfactants
N on-

Hazardous
1 – 5

EZ S trip
EZ S tripP aintand Varnish
S tripper

dim ethyladipate 627-93-0 3 – 7

notlisted
dim ethylsuccinate 106-65-0 5 – 10

dim ethylglutarate 1119-40-0 10 – 30

triethylphosphate 78-40-0 3 – 7

Fram m ar
S oy-GelP aintand
VarnishS tripper

n-m ethyl-2-pyrrolidone 872-50-4 41

> 200°F

dim ethyladipate 627-93-0 40 – 45

dim ethylglutarate 1119-40-0

soy ester 67781-80-9 15 – 20

P roprietary T hickeningand
S urfactantBlend

P roprietary 1 – 5

M otsenbocker
L iftO ffP aintandVarnish
R em over

acetone 67-64-1 < 10

notlisted

2-butoxy ethanol 111-76-2 N otL isted

dim ethyladipate 627-93-0 N otL isted

dim ethylsuccinate 106-65-0 N otL isted

dim ethylglutarate 1119-40-0 N otL isted



Com pany P aintR em over

Ingredients(M S DS )

FlashP oint
Chem icalN am e

CA S
N um ber

W eight%

P ackaging
S ervicesCo

Crow nP aintS tripN ext

dim ethylsulfoxide 67-68-5 20 – 25

160°F

dim ethylglutarate 1119-40-0 45 – 45

dim ethylsuccinate 106-65-0 10 – 20

dim ethyladipate 627-93-0 5 – 15

alcoholethoxylate
surfactant

N otL isted 0 – 1

P P G

DuraP rep200 Coating
R em over

benzylalcohol 100-51-6 15 – 40

221°F

solventnaphtha
(petroleum ),lightarom atic

64742-95-6 1 – 5

2-am inoethanol 141-43-5 1 – 5

nonylphenol,branched,
ethoxylated

68412-54-4 0.1 – 1

DuraP rep240 Industrial
CoatingR em over

benzylalcohol 100-51-6 15 – 40

178°F

hydrogenperoxide 7722-84-1 5 – 10

solventnaphtha
(petroleum ),heavy
arom atic

64742-94-5 3 – 7

barium bis(dinonyl-
naphthalenesulphonate)

25619-56-1 0.1 – 1

am ines,cocoalkyl,
ethoxylated

61791-14-8 0.1 – 1

DuraP repP rep400
O verspray R em over

2-(m ethoxym ethylethoxy)
propanol

34590-94-8 30 – 60

203°Fdim ethylsulfoxide 67-68-5 7– 13

dim ethylglutarate 1119-40-0 5 – 10

benzylalcohol 100-51-6 5 – 10

S olventKleene
D-Zolve1012 P ow er
CoatingR em over

alkylm ethylester P roprietary
T rade
S ecret

170°F
potassium hydroxide 1310-58-3 2 – 5

cyclicam ide 72-50-4 5 – 30

S unnyside

M ulti-S tripP rofessional
P aintR em over

n-m ethyl-2-pyrrolidone 872-50-4 15 – 35

203°F

dim ethylglutarate 1119-40-0 20 – 35

dim ethyladipate 627-93-0 5 – 10

dim ethylsuccinate 106-65-0 5 – 15

form icacid 64-18-6 1 – 2

non-hazardouscom ponents N /A 20 – 40

R eady S tripP ro

benzylalcohol 100-51-6 20 – 35

205°F
n-m ethyl-2-pyrrolidone 872-50-4 5 – 15

form icacid 64-18-6 2 – 15

non-hazardouscom ponents N /A 50 – 65

R eady S tripS aferP aint&
VarnishR em over

benzylalcohol 100-51-6 20 – 35

205°F
n-m ethyl-2-pyrrolidone 872-50-4 5 – 15

form icacid 64-18-6 2 – 15

non-hazardouscom ponents N /A 50 – 65

R eady S tripS pray

n-m ethyl-2-pyrrolidone 872-50-4 35 – 50

205°F

dim ethylglutarate 1119-40-0 20 – 35

dim ethyladipate 627-93-0 5 – 20

dim ethylsuccinate 106-65-0 3 – 5

m onoethanolam ine 141-43-5 1 – 3

isopropanolam inem ixture

78-96-6

2 -5110-97-4

122-20-3

non-hazardouscom ponents N /A 45 – 50



Com pany P aintR em over

Ingredients(M S DS )

FlashP oint
Chem icalN am e

CA S
N um ber

W eight%

S unnyside

R eady S tripS pray

n-m ethyl-2-pyrrolidone 872-50-4 35 – 50

205°F

dim ethylglutarate 1119-40-0 20 – 35

dim ethyladipate 627-93-0 5 – 20

dim ethylsuccinate 106-65-0 3 – 5

m onoethanolam ine 141-43-5 1 – 3

isopropanolam inem ixture

78-96-6

2 -5110-97-4

122-20-3

non-hazardouscom ponents N /A 45 – 50

U ltra-S trip

n-m ethyl-2-pyrrolidone 872-50-4 35 – 50

>200°F

dim ethylglutarate 119-40-0 20 – 35

dim ethyladipate 627-93-0 5 – 20

dim ethylsuccinate 106-65-0 3 – 5

form icacid 64-18-6 1 – 2

non-hazardouscom ponents N /A 5 – 35

T hisS tuffW orks,
Inc

T S W 2 M ulti-M aster

n-m ethyl-2-pyrrolidone 872-50-4
T rade
S ecret

>212°Fdim ethylglutarate 1119-40-0
T rade
S ecret

dim ethyladipate 627-93-0
T rade
S ecret

T S W 2G M ulti-M aster
(Gel)

n-m ethyl-2-pyrrolidone 872-50-4
T rade
S ecret

>212°Fdim ethylglutarate 1119-40-0
T rade
S ecret

dim ethyladipate 627-93-0
T rade
S ecret

T S W 3G (Gel)M ason-
M aster

potassium hydroxide 1310-58-3
T rade
S ecret non-

flam m able
butylcellosolve 11-76-2

T rade
S ecret

T S W 9 P lasti-M aster

dim ethylglutarate 1119-40-0
T rade
S ecret

>212°Fdim ethyladipate 627-93-0
T rade
S ecret

proprietary surfactant
T rade
S ecret

T rade
S ecret

Zinsser M agicS tripCitrus-Action

n-m ethyl-2-pyrrolidone 872-50-4 25 – 50

>199°F

dim ethylglutarate 1119-40-0 25 – 50

dim ethyladipate 627-93-0 2.5 – 10

dim ethylsuccinate 106-65-0 2.5 – 10

m onoethanolam ine 141-43-5 2.5 – 10

d-lim onene 5989-27-5 1.0 – 2.5



A ppendix B:P hotographscom paringtestresultsonnew andagedpanelspaintedw ithanoil-based

alkydpaint.

Figure1.R esultsofstrippingscreeningtestonanew panel(1-m onth-aged)paintedw ithanoil-

basedalkydpaint.Colum n1 isKleanS tripP rem ium (m ethylenechloridebased),Colum n2 is

S trip-X m ethylenechloridebased(low erlevel),Colum n3 isanexperim entalform ulacontaining

toluene,Colum n4 isanexperim entalform ulacontainingtrans-1,2-dichloroethylene,Colum n5

isanexperim entalform ulacontaining1,3-dioxolaneandColum n6isCitrusstrip(containsN M P

andDBE). Blue= 1st paintlayerapplied,W hite= 2nd paintlayerapplied,Green= 3rd paintlayer

applied,Yellow = 4th paintlayerapplied,R ed= lastpaintlayerapplied. S eeingR ed= nolayersof

paintw erestripped.



Figure2.R esultsofstrippingvalidationtestonanagedpanel(1-year-aged)paintedw ithanoil-

basedalkydpaint. Colum n1 isKleanS tripP rem ium (m ethylenechloridebased),Colum n2 is

S trip-X m ethylenechloridebased(low erlevel),Colum n3 isanexperim entalform ulacontaining

toluene,Colum n4 isanexperim entalform ulacontainingtrans-1,2-dichloroethylene,Colum n5

isanexperim entalform ulacontaining1,3-dioxolaneandColum n6isCitrusstrip(containsN M P

andDBE). Blue= 1st paintlayerapplied,W hite= 2nd paintlayerapplied,Green= 3rd paintlayer

applied,Yellow = 4th paintlayerapplied,R ed= lastpaintlayerapplied. S eeingR ed= nolayersof

paintw erestripped.



Figure3.R esultsofstrippingscreeningtestonanew panel(1-m onth-aged)paintedw ithanoil-

basedalkydpaint.Colum n1 isP eelAw ay 1 (causticbased),Colum n2 isS m artS trip(benzyl

alcoholbased),Colum n3 isS m artS tripP ro(benzylalcoholbasedw ithform icacid),Colum n4 is

EZ strip(DBEandtriethylphosphate),Colum n5 L iftO ff(acetoneand2-butoxy ethanolandDBE

based)andColum n6isS aferP aintS trip(DM S O andDBEbased). Blue= 1st paintlayerapplied,

W hite= 2nd paintlayerapplied,Green= 3rd paintlayerapplied,Yellow = 4th paintlayerapplied,

R ed= lastpaintlayerapplied.S eeingR ed= nolayersofpaintw erestripped. ** Ingredientsof

com petitiveproductscitedfrom M S DS and/orGC analysis.



Figure4.R esultsofstrippingvalidationtestonanagedpanel(1-year-aged)paintedw ithanoil-

basedalkydpaint. Colum n1 isP eelAw ay 1 (causticbased),Colum n2 isS m artS trip(benzyl

alcoholbased),Colum n3 isS m artS tripP ro(benzylalcoholbasedw ithform icacid),Colum n4 is

EZ strip(DBEandtriethylphosphate),Colum n5 L iftO ff(acetoneand2-butoxy ethanolandDBE

based)andColum n6isS aferP aintS trip(DM S O andDBEbased). Blue= 1st paintlayerapplied,

W hite= 2nd paintlayerapplied,Green= 3rd paintlayerapplied,Yellow = 4th paintlayerapplied,

R ed= lastpaintlayerapplied.S eeingR ed= nolayersofpaintw erestripped. ** Ingredientsof

com petitiveproductscitedfrom M S DS and/orGC analysis.



A uthors

M atthew M .P etkusistheDirectorofR esearchandDevelopm entatW .M .Barrandisanexpertin

studyingtheproductusagehabitsofconsum ers. Duringhiscareerofw orkingintheCP G industry,M att

hastraveledandstudiedtheconsum erproductusagehabitsinArgentina,Italy,Japan,U K,China,

Germ any,andintheU S A. M ostrecently atW .M .Barr,M atthasparticipatedinanethnography study in

theU S A focusedonobservingconsum erusehabitsofpaintstripperproducts. M attholdshisP hD and

M aster’sDegreeinChem istry from ArizonaS tateU niversity. M attreceivedhisBachelorofS ciencein
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degreeinP roductDevelopm entandDesignM anagem entfrom N orthw esternU niversity.

T im othy G.T eagueisaS eniorR esearch& Developm entChem istatW .M .Barrandisresponsiblefor

developingnew productsfortheconsum erm arket. Duringhisthirty-yearcareer,hehasw orkedasa

R esearch& Developm entChem istform ulatingnew consum erandindustrialproductsandasaQ uality

AssuranceChem istsupportingm anufacturingactivities. AsaR esearch& Developm entChem ist,hehas

form ulatedaw iderangeofnew consum erandindustrialproductsincludingcoatingsforexteriorw ood,

kitchencabinetstains,paintrem overs,thinnersforcoatings,andcleaningandotherproducts. T im hasa

BachelorofS cienceinChem icalEngineeringfrom theU niversity ofArkansasatFayetteville.


